OBJECTIVES: This study's objectives are to (1) determine the current prevalence of iron-deficiency anemia (IDA) and risk factors for female college students at Prince Sultan Military College of Health Sciences (PSMCHS) in the Eastern Province of Saudi Arabia and (2) address the gap in the current literature. A written survey in both Arabic and English was administrated to 214 female students, and only 201 students completed the survey. It was randomly selected from all registered female students. A number of factors possibly associated with IDA were examined using the Chi-square test.
Introduction
I ron deficiency is known to be the most common nutritional disorder that affects both developing and developed countries with a major impact on human health. [1, 2] About 30% of the world's population are iron deficient (ID), and women seem to be more affected with iron-deficiency anemia (IDA) than men. Therefore, IDA should be regarded as a chronic progressive condition that is mostly undetected and lacks efficient treatment. [3] The prevalence of anemia among women of childbearing age is 30.2%, and anemia is highly prevalent in Africa (47.5%) and in Southeast Asia (35.7%). Moreover, there is a high prevalence of anemia in Saudi Arabia according to a World Health Organization (WHO) report that affects mainly women of childbearing age. [4, 5] College students who suffer from IDA may complain of poor mental performance, which will negatively affect learning, educational achievement, and lifelong effects. In addition to these reasons and lack of information on IDA prevalence and its risk factors, we aimed to determine the prevalence of IDA and evaluate its risk factors among undergraduate female students at Prince Sultan Military College of Health Sciences (PSMCHS), Dhahran, Saudi Arabia.
The purpose of this primary data analysis is to estimate the prevalence and risk factors of IDA in female undergraduate students at PSMCHS.
Subjects and Methods
This research is a cross-sectional study that investigated 201 healthy apparent female undergraduate students at PSMCHS, Dhahran, Saudi Arabia. The study was approved by the Research and Ethics Committee of PSMCHS. The study population were enrolled between January 2019 and March 2019. All students were selected by random sampling at PSMCHS. A questionnaire was completed from each student regarding the participants' personal sociodemographic data (e.g., their age, marital status, and monthly household income); dietary information relating to their intakes of iron-rich foods and of iron absorption-inhibiting or absorption-enhancing foods, and whether or not they followed particular dietary regimens; their obstetric and gynecological history (i.e., their menstrual history, including its frequency and duration; their usual menstrual flow during their cycle; whether or not they encountered blood clotting; and their number of children and the birth intervals between them); any current or past diagnoses of medical conditions (e.g., chronic diseases, blood disorders, or blood transfusions); and their personal and family histories of IDA. All participants recruited into the study were asked to complete and sign an informed consent form agreeing to participate in the study after the purpose of study was explained to them. Pregnant or breastfeeding women; those who were taking medication or nutritional supplement; and females with menorrhagia, chronic disease, and hemoglobinopathies were excluded from the study.
Two blood samples were collected from each participant. One sample was collected in plain tube to estimate iron profile including iron level, ferritin, and Total iron binding capacity (TIBC), using biochemical analyzer (SIEMENS Dimension RXL MAX). The second sample was collected in a vacutainer ethylenediaminetetraacetic acid (EDTA) tube. The EDTA sample was analyzed for blood counts by the Cell-DYN Sapphire automated blood cell counter. Hemoglobin (Hb) fractions were identified and quantified by high-performance liquid chromatography using the TOSOH G8 analyzer (Japan) to exclude thalassemia patients and abnormal Hbs.
Based on the WHO guidelines, female students who measured Hb <12.0 g/dl, serum ferritin <15 µg/L, serum iron <10 µmol/L, and TIBC ≥68 µmol/L were defined as IDA. [6] The data analyses were performed using the Statistical Packages for the Social Sciences version 20, IBM Corp, Armonk, NY, USA. Both descriptive and inferential statistics had been conducted.
All categorical data had been presented as numbers and percentages, whereas continuous data had been summarized as mean ± standard deviation (SD). The Chi-square tests had been conducted for the relationship between independent variables against dependent variable. A method for correlation was performed using the independent t-test (parametric) and Mann-Whitney U-test (nonparametric). A univariate logistic regression analysis had been presented as well for the likelihood ratio of independent variables against dependent variable where odds ratio and 95% confidence interval were also being reported. Normality test for the distribution of continuous data versus dependent variable had been conducted using the Kolmogorov-Smirnov and Shapiro-Wilk tests.
Results
We have distributed 485 questionnaires to the targeted students; of the 485 students, 215 were returned as some of them refused to participate giving an overall response rate of 44.3%. Of the 215 participants, 14 of them were having sickle cell trait and identified as for exclusion criteria. The remaining 201 participants were the total sample size for this study. Table 1 presents the baseline characteristics of participants. Age range was from 18 to 25 years, of whom majority was 20-22-year-old group (45.3%). First-year level was more (35.8%), followed by 4 th year (26.9%), 3 rd year (21.9%), and 2 nd year (15 Abundant.4%). 94% of participants were single (not married), and most of them had a sufficient monthly income. Many parents of the participants are highly educated (45.3%), followed by secondary education (41.8%), and the rest are either basic or no education. There were 29.4% of them who were conscious of anemia, and 20.4% of them had a family history of hereditary diseases. Considering the menstrual cycle, the majority of participants (82.1%) reported moderate flow, and relatively few participants (06.0%) indicated on heavy flow or menorrhagia. Based on this method, the diagnosis of menorrhagia is made if the menstrual period lasts for more than 7 days/ cycle. [7] Moreover, there were 23.4% of the students who were taking iron supplements where they drink either Vitamin C or other mixed supplements. When being asked about general health status, 10 students reported that they were smokers, 29.4% were performing regular physical activities, and 7 students had experienced blood transfusion. Figure 1 depicts the regular food consumption of participants. The most common food being ascertained was chicken (90.0%), followed by fruits (88.6%) and white bread (83.6%), and the least of them was red bread (53.2%).
The most common mental well-being was delay of sleep (46.3%), followed by hair loss (38.8%) and lack of concentration (32.8%), and the least of them was amblyopia (1%) [ Figure 2 ]. Figure 3 shows the prevalence of IDA. Based on the given criteria, there were 71 (35.3%) identified to be anemic and 130 (64.7%) identified to be normal (nonanemic).
The dietary habit and clinical characteristics of participants are elaborated in Table 2 . Many students are in adherence to regular breakfast (61.2%), and tea and other mixed drinks were mostly consummated. There were 75.1% of them who have regular tea consumption per week where they usually drink it after the meal. Three out of four students have regular coffee drink per week where it was usually done after or before the meal, whereas more than 60% of them have regular cola intake where they usually drink it during the meal. The We used the Chi-square test to evaluate the relationship between IDA and nonanemic among baseline characteristics of participants [ Table 3 ]. Based on the results, those without having family history of hereditary diseases such as thalassemia, IDA, and sickle cell disease are likely to decrease the chance of having IDA (unadjusted odds ratio Unadjusted Odds Ratio [UOR] = 0.4, P = 0.006) compared to the other group, whereas those without physical activity are likely to decrease the chance of having IDA as opposed to those with having exercise (UOR = 0.5, P = 0.020). Other variables included in the test were not a significant factor of IDA.
When comparing dietary habits and clinical characteristics of participants against anemic and nonanemic group, we found that the chance of having anemia was less for those participants who were eating regular breakfast (UOR = 0.5, P = 0.024) compared to the opposite group (not regular). Other dietary variables were found to have no statistical differences in the anemic group.
In the clinical characteristics of participants, it was revealed that clinical parameters such as Hemoglobin (HB) (UOR = 5.2, P < 0.001), HCT (UOR = 1.4, P < 0.001), MCV (UOR = 1.2, P < 0.001), MCH (UOR = 1.6, P < 0.001), MCHC (UOR = 1.5, P = 0.001), ferritin (UOR = 1.3, P < 0.001), and iron (UOR = 1.2, P < 0.001) are significantly lower than the nonanemic group, whereas RDW (UOR = 0.3, P < 0.001) and TIBC (UOR = 0.8 P < 0.001) are significantly higher than the nonanemic group. Only RBC revealed to have no significant effect on the anemic group [ Table 4 ]. When we assessed the relationship between IDA among the type of food and the associated health diseases, a statistically significant difference was found between frequent consumption of eggs and IDA (P = 0.024) where participants with IDA are significantly less compared to the nonanemic group. With regard to the associated diseases, stomach ulcer (P = 0.042), indigestion (P = 0.033), and hemicrania (P = 0.044) were all found to have a significant relationship with IDA where those students with IDA are significantly lower compared to the nonanemic group. Other variables included in the test were having no significant relationship to IDA [ Table 5 ].
Discussion
IDA has been regarded as the underdiagnosed and underappreciated women's health concerns which affect women of all ages. [8] In this study, the prevalence of IDA was moderately high (35.3%). In Saudi Arabia, this finding is consistent from the study published by AlSheikh, Alswailem et al. as well as Almallki et al. where articles reported a prevalence of IDA consisting of 38.3%, 41.6%, and 43.5%, respectively. [9] [10] [11] Arguably, according to the study by Alzaheb and Al-Amer, conducted in n=200 female students to estimate the prevalence of IDA and its associated factors, only 12.5% were diagnosed with IDA. This rate is considered the lowest prevalence of IDA in a particular region of Saudi Arabia (Tabuk, Western region). Whereas, according to the study by Al Hassan in another city of the same region (Medina, Western region, Saudi Arabia), the prevalence of anemia in female students was relatively high (64%). [12, 13] In abroad, the incidence of anemia had also been reported from different published articles. [6, [14] [15] [16] [17] The present study identified 20-22 years' age group as the age group with the highest incidence of IDA (35.3%) among college students. This report had also been ascertained by Al-Alimi et al., and they reported that 64.3% of the males and 54.9% of the females in the age group of 20-22 years were identified as anemic. [6] This report has been corroborated by Shill et al., and they accounted that 43.4% of students in the same age group were classified as being anemic which was in congruent from the findings of our study. [16] However, it is contrary to the report published in Jordan and China. [14, 17] In Jordan, they reported that the prevalence of anemia was higher at the age range of 40-49 years, [14] whereas in China, the incidence of anemia was significant at 6-12 months. [17] IDA occurs when your body does not contain sufficient iron to yield Hb. That's why eating iron supplement food is necessary to prevent IDA. In this study, the most common food intakes by the students are chicken, fruits, and white bread, whereas the least of them was red bread. Alswailem et al. reported that the most common foods of the female participants were red meat and fish. [11] This has been further validated from the study published by Alzaheb and Al-Amer which indicated that the university students used to eat meat and fish at least two times per week. [13] Furthermore, both previous studies reported citrus consumption for at least two times per week. In nearby country, Al-Alimi et al. exemplified that vegetables, fruits, red meat, fish, and chicken were the most common foods of the students, with an average consumption of 2-3 times per week. [6] Eating regular breakfast is an important activity before doing any of the daily routines as breakfast contributes about one-third of the nutritional needs during the day, which is quite substantial and that the chance to be anemic is relatively small. Students who eat regular breakfast can strengthen attentiveness and make it easier for them to adapt knowledge. In this article, we further validated that those students who eat regular breakfast are likely less to be anemic compared to those students who eat irregularly. This finding has been further corroborated by Andiarna. She reported that breakfast habits have an influence on the incidence of anemia. Teenagers who do not eat breakfast had a risk of anemia by 1.2 times as opposed to those who eat breakfast regularly. [18] In India, Kannan and Ivan mentioned that there was an evidence to suggest that regular breakfast intake will improve the cognitive function and have positive impact on the health of children and young adults. [15] Furthermore, we found that physical activity has a significant relationship with IDA. This finding is corroborated from the blog posted by Rosen. Based on her assessment, athletes require more iron than the general population as they are more exerting so much effort which resulted to losing iron in the body. High-intensity training increases iron losses by as much as 70% as opposed to typical populations. Heavy sweating causes to lose more iron. RBCs also break down more quickly in those who exercise. The mechanical force of a footstrike during endurance running, for example, can increase the destruction of RBCs in the feet, leading to a shorter RBC life span. [19] Female athletes are even more prone to iron deficiency as compared to males because of regular menstruation which causes them blood loss. Due to inadequate dietary intake of iron, athletes may also be at risk for iron deficiency. Remember, the body is not very effective at absorbing dietary iron. Players, specifically menstruating female endurance competitors, need to be carefully mindful of iron intake in order to meet their bodies' demands. Those following a strict vegetarian or vegan diet can be at even higher risk for iron deficiency due to the decreased absorption of nonheme iron found in plants and fortified foods. [19] Alaunyte et al. further noted that the majority of research studies support the hypothesis of the beneficial effect of dietary iron interventions on the balance of iron in iron-depleted female athletes. However, the direct impact on exercise performance among female athletes is unclear. Nevertheless, there seems to be evidence that dietary iron interventions may assist in maintaining iron status in female athletes, especially during intensive training and competition regimens. [20] Moreover, we also detected that family history of hereditary diseases is significantly related to IDA. Based on our observation, no other articles investigated whether the family history of hereditary diseases has linked to IDA, and since this result is substantial, we, therefore, viewed that this finding can shed more light in the phenomena of the diseases.
When we assessed the independent significant factors of IDA, we determined that family history of hereditary diseases, physical activity, having breakfast, Hb, HCT, MCV, MCH, MCHC, RDW, ferritin, iron, and TIBC were all the independent significant factors of IDA. We further compared the mean of each clinical parameter, and we are certain that Hb, HCT, MCV, MCH, MCHC, iron, and ferritin were significantly lower than the nonanemic group, whereas RDW and TIBC were significantly higher than the nonanemic group. In Saudi Arabia, the most common significant factors of anemia were inadequate iron, Vitamin C intakes, low consumption of red meat, and family history of IDA, [11, 13] whereas in abroad, the most common significant factors being ascertained were regular or irregular breakfast, infrequent consumption of vegetables/fruits, meat, fish, chicken, tea drinking, low household income, smoking, bleeding disorder, gender, Hb, WBC, RBC, platelet, packed cell volume, MCV, MCH, and MCHC. [6, 15, 16] Interestingly, in China, they reported that regions, cesarean delivery, premature birth, and neonatal asphyxia were concomitant to anemia. [17] We also evaluated the relationship between IDA among the type of food and the associated diseases of students where we found that there is a significant relationship between frequent eating of eggs and IDA where those who eat regular eggs are significantly more being nonanemic. Thus, this finding suggests that frequent consumption of eggs was effective in preventing IDA. Considering country comparison, studies in Yemen reported that rare consumption of vegetables, fruits, meat, fish, chicken, tea, smoking as well as the low family income are essential factors leading to IDA [6] . While the studies from Bangladesh confirmed the fact that the consumption of vegetables, fruits, meat, fish, chicken are positive indicators of iron-deficient nonanemic. [16] On the other hand, diseases such as stomach ulcer, indigestion, and hemicrania are detected to have significant association with IDA where students being nonanemic are significantly more compared to students with anemia.Alswailem et al. suggested that menstruation cycle disorder, bleeding disorder, and possible experience of blood transfusion, the experience of IDA, and the genetic history of IDA might directly correlate to anemia. Additionally, Kannan and Ivan reported that bleeding disorder was significantly associated with anemia. [11, 15] 
Conclusions
The prevalence of IDA in this study was moderately high. The most frequent food intake was chicken, fruits, and white bread. We further discovered that the risk of anemia is less for those participants who were eating breakfast regularly. In this regard, further education regarding the IDA is highly encouraged. Faculties have a significant role in educating the students regarding the phenomena of the disease. Encouragement such as eating breakfast regularly, consuming food rich in iron, and taking iron supplement can decrease the prevalence of IDA. This is the first study that demonstrated the prevalence and risk factors of IDA among undergraduate female college students in PSMCHS, and the data generated will provide a database for further studies.
